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(54) Digital angiographic apparatus 

(57) A digital angiographic apparatus for reducing 
exposure of patients to X-ray radiation, and completely 
eliminating a slip or deviation between mask image and 
live image. A radiographic image (22) is picked up by 
emitting X rays (21) through a selected site of a patient 
injected with a contrast medium. The radiographic 
image is converted (31) to digital data to obtain a basic 
image. The basic image is used as a live image retain- 
ing high frequency components reflecting blood vessels 



and the like into which the contrast medium is injected. 
The basic image is subjected to appropriate frequency 
processing (32) to remove high frequency components 
(reflecting the blood vessels and the like), thereby to 
obtain a mask image. A control unit (34) subtracts the 
mask image from the live image to obtain a subtraction 
image extracting a blood vessel image. 
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Description 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

This invention relates to digital angiographic appa- 
ratus suited for acquiring subtraction images of one or 
more sites of a patient. 

(2) Description of the Related Art 

In a conventional practice of acquiring a subtraction 
image of a site with this type of digital angiographic 
apparatus, a radiographic image (mask image) is first 
picked up without injecting the patient with a contrast 
medium, and then, after injecting a contrast medium, a 
radiographic image (live image) is picked up of the 
same site. Subsequently, the mask image is subtracted 
from the live image. 

Subtraction images may be acquired from a plural- 
ity of sites, for example, by shifting a positional relation- 
ship between the patient and a fluoroscopic device 
including an X-ray tube and an image pickup system 
(such as an image intensifier and a television camera) 
along the body axis of the patient. In this case also, a 
mask image and a live image are picked up of each site 
in two separate steps before and after injecting contrast 
medium. 

The conventional apparatus with the above con- 
struction has the following drawbacks. 

According to the conventional apparatus, the 
patient is irradiated with X rays each time a mask image 
or live image is picked up. That is, X-ray irradiation is 
carried out twice to pick up images of each site. Thus, 
there remains a problem that a reduction cannot be 
made in the patient's exposure to X-ray radiation. 

Further, the conventional apparatus involves a long 
interval of time between mask image pickup and live 
image pickup for each site since the two images are 
picked up in two separate steps before and after inject- 
ing a contrast medium. During this interval, with injec- 
tion of a contrast medium, the patient is likely to move 
and cause a slip or deviation between mask image and 
live image. The resulting subtraction image is vulnera- 
ble to artifacts. Such a slip between mask image and 
live image is more striking where subtraction images 
are acquired from a plurality of sites by shifting the posi- 
tional relationship between fluoroscopic device and 
patient. This is due to mechanical errors of a mecha- 
nism for shifting the positional relationship between 
fluoroscopic device and patient. These mechanical 
errors entail difficulties in securing, despite control, 
alignment of a mask image and a live image of the same 
site. 



SUMMARY OF THE INVENTION 

This invention has been made having regard to the 
state of the art noted above, and its object is to provide 
5 a digital angiographic apparatus which acquires sub- 
traction images with reduced exposure of patients to X- 
ray radiation, and which completely eliminates a slip or 
deviation between mask image and live image. 

The above object is fulfilled, according to this inven- 
10 tion, by a digital angiographic apparatus for acquiring 
subtraction images of selected sites of a patient, com- 
prising: 

a fluoroscopic device for irradiating each of the 
75 selected sites with X rays, and picking up a radio- 
graphic image thereof; 

a data converting device for converting the radio- 
graphic image into digital data; 
a high frequency removing device for removing high 
20 frequency components from the radiographic 
image (hereinafter called basic image) picked up of 
each of the selected sites of the patient injected 
with a contrast medium, and converted into digital 
data; and 

25 a computing unit for deriving a subtraction image 
from a subtraction between the basic image and an 
image produced by removing high frequency com- 
ponents from the basic image. 

30 This invention has the following functions. 

The fluoroscopic device picks up a radiographic 
image of a selected site of a patient injected with a con- 
trast medium. The data converting device converts the 
radiographic image to digital data to obtain a basic 

35 image. The basic image includes a background image 
such as of bones, internal organs and the like as well as 
an image of blood vessels with the contrast medium 
flowing therein. The image of blood vessels is an intri- 
cate image having intense density variations, i.e. an 

40 image containing numerous high frequency compo- 
nents. On the other hand, the background image is a 
broader and more general image than the blood vessel 
image, presenting gentle density variations, i.e. an 
image containing numerous low frequency compo- 

45 nents. This basic image is used as a live image. The 
high frequency removing device carries out appropriate 
frequency processing of the basic image to remove the 
high frequency components therefrom. The resulting 
image is without the blood vessel image containing 

50 numerous high frequency components, i.e. includes 
only the background image. This image is used as a 
mask image. The control unit subtracts the mask image 
(corresponding to the basic image stripped of the high 
frequency components) from the live image (basic 

55 image) to obtain a subtraction image extracting the 
blood vessel image. 

It will be appreciated that, according to this inven- 
tion, the patient's exposure to X-ray radiation for obtain- 
ing a subtraction image is reduced to a half of what it is 
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in the prior art. This is achieved by obtaining the sub- 
traction image based on a mask image and a live image 
derived from a radiographic image picked up through a 
single step of X-ray irradiation. 

Further, this invention completely eliminates a slip s 
or deviation between mask image and live image since 
the two images are derived from a radiographic image 
picked up through a single X-ray irradiating step. Conse- 
quently, the subtraction image is free from artifacts due 
to such a slip of images. w 

The high frequency removing device in this inven- 
tion is not limited to a particular type. For example, this 
device may identify frequency components forming the 
basic image through a space-to-frequency conversion, 
remove high frequency components exceeding a prede- is 
termined threshold level, and output the frequency com- 
ponents, with the high frequency components removed 
therefrom, after a frequency-to-space conversion. Alter- 
natively, the high frequency removing device may 
remove the high frequency components from the basic 20 
image through a filtering process. 

The process of removing the high frequency com- 
ponents from the basic image usually involves a time 
lag. In such a case, the basic image preferably is 
applied to the computing unit through a delay circuit for 25 
causing a delay corresponding to the time lag. This con- 
struction compensates for the time lag between the 
basic image and the image without the high frequency 
components when applied to the computing unit. Alter- 
natively, the basic image may be stored temporarily in a 30 
first storage, and the image without the high frequency 
components in a second storage, the images being 
read synchronously from the two storages for applica- 
tion to the computing unit. 

The subtraction image provided by the computing 35 
unit is displayed on a display device such as a television 
monitor. Besides, the basic image in the first storage 
may be displayed on another display device, and the 
image in the second storage on a further display device. 
It is also preferred that the subtraction image provided 40 
by the computing unit may be stored in a third storage, 
which may be read and displayed as necessary. 

It will be advantageous to enhance the high fre- 
quency components of the basic image prior to applica- 
tion as a live image to the computing unit. Then, the 45 
computing unit will provide an enhanced subtraction 
image (extracted image of blood vessels). Ttie digital 
angiographic apparatus of this invention may include a 
high frequency enhancing device which increments 
high frequency components among frequency compo- so 
nents of the basic image obtained through a space-to- 
frequency conversion, and then performs a frequency- 
to-space conversion thereof. 

The apparatus according to this invention may fur- 
ther comprise an integrating device for obtaining a 55 
mean image of a plurality of basic images picked up by 
the fluoroscopic device. After the high frequency com- 
ponents are removed from the mean image of the basic 
images, the computing unit may perform a subtraction 



between the mean image and an image produced by 
removing the high frequency components from the 
mean image. The resulting subtraction image has a 
high signal to noise ratio (S/N ratio). 

For example, the integrating device may include a 
gradation converter for carrying out a gradation conver- 
sion of densities of the basic images successively 
obtained through image pickup carried out N times (N 
being a natural number 2 or more), to reduce the densi- 
ties to 1/N; an adder for receiving, at one of inputs 
thereof, the basic images after the gradation conversion 
by the gradation converter; and a storage for storing 
and updating added images successively outputted 
from the adder, and applying a latest one of the added 
images to the other input of the adder. 

Alternatively, the integrating device may include an 
adder for receiving, at one of inputs thereof, the basic 
images successively obtained through image pickup 
carried out N times (N being a natural number 2 or 
more); a storage for storing and updating added images 
successively outputted from the adder, and applying a 
latest one of the added images to the other input of the 
adder; and a divider for dividing density of the last 
added image in the storage to be 1/N. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For the purpose of illustrating the invention, there 
are shown in the drawings several forms which are pres- 
ently preferred, it being understood, however, that the 
invention is not limited to the precise arrangements and 
instrumentalities shown. 

Fig. 1 is an overall front view of a digital angio- 
graphic apparatus in a first embodiment of this 
invention; 

Fig. 2 is a side view showing a fluoroscopic device; 
Fig. 3 is a block diagram of an image processor in 
the first embodiment; 

Fig. 4 is an explanatory view of an operation to 

acquire a subtraction image of a given site; 

Fig. 5 is an explanatory view of an operation to 

acquire subtraction images of a plurality of sites 

along the body axis of a patient; 

Fig. 6 is an explanatory view of an operation to 

acquire subtraction images of a given site from a 

plurality of image pickup directions; 

Fig. 7 is a block diagram of an image processor in a 

second embodiment of the invention; 

Fig. 8 is a block diagram of a modification of the 

second embodiment; 

Fig. 9 is a block diagram of another modification of 
the second embodiment; 

Fig. 10 is a block diagram of an image processor in 
a third embodiment of the invention; 
Fig. 1 1 is a block diagram of an image processor in 
a fourth embodiment of the invention; and 
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image to provide a subtraction image in each image 
pickup direction. 

(Second Embodiment) 

Fig. 7 is a block diagram of an image processor 
included in an apparatus in a second embodiment 

In the second embodiment, a basic image (live 
image) is stored in a first storage 41 , and a mask image 
provided by the frequency characteristic converter cir- 
cuit 32 is stored in a second storage 42. With this con- 
struction, the live image and mask image may be read 
synchronously from the first and second storages 41 
and 42, and applied synchronously to the computing 
unit 34. Thus, the delay circuit 33 is not needed in the 
second embodiment. 

Where subtraction images are acquired from a plu- 
rality of selected sites, or where subtraction images are 
acquired from a given site in a plurality of image pickup 
directions, a plurality of live images from the different 
sites or different directions are stored in the first storage 
41 , and a plurality of mask images from the different 
sites or different directions are stored in the second 
storage 42. After a series of image pickup operations, a 
subtraction image from a desired site or direction may 
be selected for display on the monitor 4, for example. 

The first and second storages 41 and 42 may be 
volatile memories or permanent storage media such as 
magnetic disks. In the latter case, the subtraction 
images may be displayed at later times. 

In a modified construction as shown in Fig. 8, for 
example, mask images and live images may be dis- 
played on the monitor 4. Two additional monitors 4 may 
be provided as shown in dotted lines in Fig. 8. Then, a 
mask image, a live image and a subtraction image may 
be displayed in parallel on the respective monitors 4. 

As shown in Fig. 9, subtraction images may be 
stored in a third storage 43. Then, each subtraction 
image may be displayed repeatedly on the monitor 4 
without further computation. The third storage 43 may 
be a permanent storage medium to enable the subtrac- 
tion images to be displayed at later times without further 
computation. 

The second embodiment and the modifications 
thereof may be applied to the third and fourth embodi- 
ments described hereinafter. 

(Third Embodiment) 

Fig. 10 is a block diagram of an image processor 
included in an apparatus in the third embodiment. 

The third embodiment is characterized by a second 
frequency characteristic converter circuit 51 for enhanc- 
ing high frequency components of basic images (live 
images). 

A process of enhancing the high frequency compo- 
nents of the basic images is achieved, for example, by 
incrementing the high frequency components among 
the frequency components of each basic image 



obtained through a space-to-frequency conversion, and 
then subjecting these frequency components to a fre- 
quency-to-space conversion. The second frequency 
characteristic converter circuit 51 is constructed to carry 

5 out such a process. 

This construction provides subtraction images hav- 
ing enhanced images of blood vessels. 

Trie characterizing feature of the third embodiment 
is applicable also to the fourth embodiment described 

10 hereinafter. 

(Fourth Embodiment) 

Fig. 1 1 is a block diagram of an image processor 
is included in an apparatus in the fourth embodiment. 

The fourth embodiment is characterized by an inte- 
grating processor 61 for deriving a mean image from 
basic images obtained through a plurality of image 
pickup steps. 

20 As shown in Fig. 12A, the integrating processor 61 
may include a second gradation converter circuit 71, an 
adder 72 and a memory 73. Alternatively, as shown in 
Fig. 12B, the integrating processor 61 may include the 
adder 72, the memory 73 and a divider 74. 

25 Assume, for example, a case of deriving a mean 
image from basic images obtained through image 
pickup executed N times. In the construction shown in 
Fig. 12 A, the second gradation converter circuit 71 suc- 
cessively receives densities of the basic images (i.e. 

30 densities of pixels in the basic images), and effects a 
gradation conversion to reduce the densities to 1/N. The 
adder 72 successively adds the converted densities to 
images stored in the memory 73. However, nothing is 
stored in the memory 73 when the first basic image is 

35 provided. 

In the construction shown in Fig. 12B. the adder 72 
successively receives basic images, and adds these 
images to images stored in the memory 73 (nothing 
being stored in the memory 73 when the first basic 

40 image is provided). Finally, the divider 74 divides, by N, 
a sum of the basic images obtained through image 
pickup executed N times and stored in the memory 73. 

The signal to noise ratio of the basic images is 
improved by determining a mean image of the basic 

45 images obtained through image pickup executed N 
times as described above. Since, in this invention, mask 
images and live images are derived from the basic 
images, the signal to noise ratios of the mask images 
and live images may also be improved all together. 

so When acquiring a subtraction image of a given site 
from a single direction of image pickup, basic images 
are picked up N times by irradiating that site only from 
the single direction. With the conventional apparatus, 
mask images and live images may be picked up a plu- 

55 rality of (N) times, respectively, to derive mean images 
thereof in order to improve the S/N ratios of the mask 
images and live images. In this case, the patient is 
exposed to X-ray radiation twice N times since the mask 
images and live images are picked up separately. In this 
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embodiment, the patient's exposure to X-ray radiation is 
only a half of what it is in the prior art 

When acquiring subtraction images from a plurality 
of selected sites by shifting the positional relationship 
between patient and fluoroscopic device along the body 
axis of the patient, a mean image of each site may be 
derived from a plurality of basic images picked up of 
adjacent sites preceding and following that site. When 
acquiring subtraction images from a plurality of image 
pickup directions by revolving the X-ray tube and image 
pickup system about a given site, a mean image of that 
site in each direction may similarly be derived from a 
plurality of basic images picked up in adjacent directions 
preceding and following that direction. In these cases 
also, the patient is exposed to a half of the X-ray radia- 
tion in the prior art (when the conventional apparatus is 
used to acquire mean images in similar sequences). 

The present invention may be embodied in other 
specific forms without departing from the spirit or essen- 
tial attributes thereof and, accordingly, reference should 
be made to the appended claims, rather than to the fore- 
going specification, as indicating the scope of the inven- 
tion. 

Claims 



1. 



A digital angiographic apparatus for acquiring sub- 
traction images of selected sites of a patient, com- 
prising: 



2. 



10 



15 



20 



25 



30 



fluoroscopic means for irradiating each of said 
selected sites with X rays, and picking up a 
radiographic image thereof; 
data converting means for converting said radi- 
ographic image into digital data; 35 
high frequency removing means for removing 
high frequency components from said radio- 
graphic image (hereinafter called basic image) 
picked up of each of said selected sites of the 
patient injected with a contrast medium, and 40 
converted into digital data; and 
computing means for deriving a subtraction 
image from a subtraction between said basic 
image and an image produced by removing 
high frequency components from said basic 45 
image. 

An apparatus as defined in claim 1 , wherein said 
high frequency removing means is operable to 
identify frequency components forming said basic 50 
image through a space-to-frequency conversion, 
remove high frequency components exceeding a 
predetermined threshold level, and output said fre- 
quency components, with said high frequency com- 
ponents removed therefrom, after a frequency-to- 55 
space conversion. 



3. An apparatus as defined in claim 1, wherein said 
high frequency removing means is operable to 



remove high frequency components from said 
basic image through a filtering process. 

4. An apparatus as defined in claim 1 , further compris- 
ing a delay circuit for receiving said digital data of 
said radiographic image from said data converting 
means, said delay means applying said digital data 
to said computing means with a delay correspond- 
ing to a time lag due to processing by said high fre- 
quency removing means. 

5. An apparatus as defined in claim 1 , further compris- 
ing first storage means for storing said basic image 
outputted from said data converting means, and 
second storage means for storing an image pro- 
duced by removing high frequency components 
from said basic image by said high frequency 
removing means, said computing means synchro- 
nously reading said basic image and said image 
from said first and second storage means. 

6. An apparatus as defined in claim 1 , further compris- 
ing display means for displaying said subtraction 
image provided by said computing means. 

7. An apparatus as defined in claim 5, further compris- 
ing display means for displaying said basic image 
stored in said first storage means, display means 
for displaying said image stored in said second stor- 
age means, and display means for displaying said 
subtraction image provided by said computing 
means. 



8. 



9. 



An apparatus as defined in claim 1 , further compris- 
ing third storage means for storing said subtraction 
image provided by said computing means. 

An apparatus as defined in claim 1 , further compris- 
ing high frequency enhancing means for enhancing 
high frequency components of said basic image 
provided by said data converting means, said com- 
puting means deriving a subtraction image of said 
selected site from a subtraction between said basic 
image, with said high frequency components 
enhanced by said high frequency enhancing 
means, and an image produced by removing said 
high frequency components from said basic image. 



10. An apparatus as defined in claim 9, wherein said 
high frequency enhancing means is operable to 
increment high frequency components among fre- 
quency components of said basic image obtained 
through a space-to-frequency conversion, and then 
to output said high frequency components after a 
frequency-to-space conversion. 

1 1 . An apparatus as defined in claim 1 , further compris- 
ing integrating means for obtaining a mean image 
of a plurality of basic images picked up by said 
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fluoroscopic means, said high frequency removing 
means removing High frequency components from 
said mean image provided by said integrating 
means, said computing means deriving a subtrac- 
tion image of said selected site from a subtraction 5 
between said mean image and an image produced 
by removing said high frequency components from 
said mean image. 

12. An apparatus as defined in claim 1 1 , wherein said 10 
integrating means includes: 

gradation converting means for carrying out a 
gradation conversion of densities of said basic 
images successively obtained through image is 
pickup carried out N times (N being a natural 
number 2 or more), to reduce said densities to 
1/N; 

adding means for receiving, at one of inputs 
thereof, said basic images after said gradation 20 
conversion by said gradation converting 
means; and 

storage means for storing and updating added 
images successively outputted from said add- 
ing means, and applying a latest one of said 25 
added images to the other input of said adding 
means. 

13. An apparatus as defined in claim 11, wherein said 
integrating means includes: 30 

adding means for receiving, at one of inputs 
thereof, said basic images successively 
obtained through image pickup carried out N 
times (N being a natural number 2 or more); 35 
storage means for storing and updating added 
images successively outputted from said add- 
ing means, and applying a latest one of said 
added images to the other input of said adding 
means; and 40 
dividing means for dividing density of the last 
added image in said storage means to be 1/N. 
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